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Organic Catalysts 


A. WEISSBERGER 


Research Laboratories—Eastman Kodak Company 


T 1s hardly necessary to emphasize the 
[ importance of organic catalysts, i.e., 
organic substances which function as 
catalysts. In this group are the enzymes, 
while the vitamins and hormones also 
very likely act in the manner of cata- 
lysts in living bodies. 

The study of enzyme functions has 
reached a rather advanced stage, but, 
due to their complicated nature, little 
knowledge of their chemical constitution 
has been obtained. On the other hand, 
the chemical constitution of some 
hormones and vitamins has_ been 
well worked out, but very little is 
Known about the elementary chemical 
processes which render them so impor- 
tant. Organic catalysts may possibly 
represent enzyme models, and, in addi- 
tion to the interest which they deserve 
for this reason, they may, moreover, be 
of growing importance in organic reac- 
tions in vitro. It appears, therefore, that 
special interest may well center in in- 
vestigations where organic catalysts of 
known constitution and function are 
involved. In this article, a few examples 
afsuch catalysts are discussed. 


J. von Liebig discovered, in 1859, that 
the formation of oxamide by addition 
of water to cyanogen according to 
the formula, 


NC—CN + 2H20—H2NOC—CONH:2 


is catalyzed by acetaldehyde. In a letter 
to Wohler, he stressed the importance of 
this discovery, writing, ““Acetaldehyde 
in this case behaves like an enzyme.” 
Other organic reactions which might be 
mentioned here are the conversion, 
under the influence of aniline hydro- 
chloride, of diazoaminobenzene to am- 
inoazobenzene; the catalytic action of 
cyanide ions in the acyloin, e.g., benzoin, 
condensation; the catalysis of rubber 
vulcanization with organic substances 
of a more complicated nature, which 
generally contain sulfur. 

Various optically active substances 
were investigated by a number of workers 
from the standpoint of stereochemical 
selection in their action on hydrolysis 
reactions, decarboxylizations, and ester1- 
fications. No specific influence was ob- 
served in the conversion of cane sugar 
with d- and “acids, nor in the decar- 
boxylization of camphor carbonic acid 
in d- and /limonene as the solvent. It 
was found, however, that if optically 
active bases like nicotine and quinidine 
are added in the latter process, starting 
with. the inactive acid, an active decom- 
position product is obtained. Similarly, 
it was shown that the hydrogen cyanide 
addition to benzaldehyde in the presence 
of quinine or quinidine as catalysts 
yields optically active mandelonitriles. 

Since 1926, systematic investigations 
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of organic catalysts have been carried 
out by Langenbeck and his collabora- 
tors. The reactions with which they 
dealt were mainly the Liebig reaction, 
the saponification of esters, the deami- 
nation of alpha-amino acids, and the 
decarboxylization of alpha-keto acids. 

For the Liebig reaction, it has been 
shown that only those aldehydes that 
can form. enols are active. An inter- 
mediary compound in this reaction has 
been isolated. 

The investigation of the deamination 
of amino acids in the presence of organic 
catalysts is based on the observations of 
Strecker, in 1862, that alloxan and 
alanine react with the formation of 
acetaldehyde, the reduction product of 
the alloxan and ammonia, and those 
of Traube, in 1911, that isatin under- 
goes a similar reaction. Langenbeck 
found that the reaction product in the 
case of isatin is isatyd: 


co 
2 | +CH, CH(NH,) COOH —> 


co 
NZ 


OH OH 

| | +CO> +NH; 

co oc +CH3 CHO 
NZ \N 


Isatyd is oxidized by oxygen or meth- 
ylene blue, resulting in the regeneration 
of isatin. Therefore, a system can be 
established where amino acids are de- 
aminated by oxygen or methylene blue 
under the catalytic influence of the 
heterocyclic substance oscillating be- 
tween the two oxidation stages of 
isatin and _ isatyd. 

Kinetic investigations of the rate of the 
reaction with substituted isatins showed 
that isatinacetic acid is less active than 
isatin, whereas 5,7-dibromoisatin and 
isatinsulfuric acid are more active; the 





last-mentioned substance being the 
most active. Substitution in the organic 
catalyst varies its activity, and this 
principle has been followed most success- 
fully in the investigations of the de- 
carboxylization of alpha-keto acids. It 
was shown by the work of L. Simon, in 
1896, that the anil of phenylglyoxylic 
acid decomposes on melting, with the 
formation of benzalaniline and carbon 
dioxide: 


Cs5H;C(= NC,H;)COOH—> 
C,H;,CH= NC.H;5+ COs>. 


The benzalaniline, however, exchanges 
the anil radical with the oxygen of addi- 
tional alpha-keto acid, yielding benzal- 
dehyde and phenylglyoxylic acid: 


C.Hi; CH= NCezH; -t- C,H;COCOOH— 
C.H;CHO of CeH;C(= NC.H;)COOH. 


Thus, one mole of phenylglyoxylic acid 
anil or aniline 


C,;H;COCOOH a H2NC.sH;— 


can accelerate the decomposition of 
more than one mole of the keto acid. 
Langenbeck found that the amines 
react with increasing activity in the 
following order: ethylamine, aniline, 
alpha-aminobutyric acid, sarcosin, beta- 
aminoisobutyric acid, glycine, alanine, 
phenylaminoacetic acid. 

Further substitution of the aromatic 
nucleus in phenylaminoacetic acid can 
decrease or increase the activity of the 
latter. More powerful than the most 
active substituted phenylaminoacetic 
acid is 3-amino-oxindole, and the intro- 
duction of substituents and the attach- 
ment of further aromatic nuclei to this 
molecule can increase its activity. There- 
fore, substances can be prepared which 
will have an activity not far less than 
that of the natural decarboxylase, as, e.g., 
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3-amino-6-oxy-alpha-naphthoxindole: 





CH-NH> 





\ pe 


N 
HO 4 


These data were obtained by com- 
parisons made in aqueous solution at 
37° with the addition of methyl salicyl- 
ate and lecithin as carriers for the 
catalyst employed. 

The similarity of the synthetic cata- 
lyst to the natural carboxylase is strik- 


ing. The following properties are charac- 
teristic of both of them: Their activity 
is only slightly dependent on the con- 
centration of the substrate; benzalde- 
hyde interferes and this hindrance is less 
with a higher concentration of the sub- 
strate; they do not decarboxylate beta- 
keto acids nor trimethylpyruvic acid; 
in their action on pyruvic acid, acetoin 
is formed as a by-product. Thus, it 
appears likely that the characteristic 
group of the synthetic catalyst is closely 
related to the prosthetic group of the 
naturally occurring enzyme. It is hoped 
that from future studies of this kind, 
results of great importance to a knowl- 
edge of natural enzymes may be obtained. 


Eastman Organic Chemicals as Analytical Reagents 


XLI 


QUINOLINE 


Gapchenko and Sheintzis, J. APPLIED 
CueoM., 9, 544 (1936) 


The solution containing bismuth is 
acidified with nitric acid. A drop of this 
solution is treated with a saturated solu- 
tion of quinoline in the presence of am- 
monium thiocyanate. A golden-yellow, 
amorphous precipitate is formed, which 
quickly changes to X-shaped crystal 
groups. The test is sensitive to 0.3 y of 
bismuth in 0.001 cc. of solution and can 
be used in the presence of all cations 
except Zn, Sn++, Sb+++, Hg*, and Ag. 
When cupric ions are present, a drop of 
citric acid must be added. 


QUINOLINE 


Gapchenko and Sheintzis, ZAvop- 
SKAYA LaB., 4 835 (1935) 


A mixture of 1 gram of quinoline in 
100 cc. of alcohol with 20 cc. of 25% 
potassium iodide gives a highly intense 
red-orange with bismuth, with a sensi- 
tivity of 1 part in 50,000. The reagent 


REAGENTS FOR BISMUTH 


gives with Pb*+ a yellow color; with 
Hg*, green; with Hgt*, white; with Ag, 
faint yellow; with Sb*++, yellow and 
with Cut* and Fe*++, brownish-yellow, 
but none of these except Cu+*+ and Fe*+++ 
affects the determination. The addition 
of 1 drop of NaHSOs3 on the test paper 
saturated with the reagent previous to 
the addition of the solution eliminates 
the interference of Cu and Fe. 


MERCAPTOBENZOTHIAZOLE 


Spacu and Kuras, Z. Anat. CHEmM., 
104, 88 (1936) 


To the solution containing bismuth is 
added an excess of mercaptobenzo- 
thiazole (1 gram in 100 cc. of 2.5% 
ammonia) and sufficient ammonia to 
make the solution slightly alkaline. The 
precipitate formed is heated until coagu- 
lated, then filtered, washed with a 
freshly prepared 2.5% ammonia solution 
containing 0.5% mercaptobenzothiazole, 
and dried at 110°. The precipitate then is 
added to a tared porcelain crucible, 
ignited to Bi2zO3, and weighed. 
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Apparatus tor Eastman Distillations 


HE type and size of the equipment 
ys in purification of certain 
Eastman Organic Chemicals are well 
illustrated in the above view of several 
installations. Variations in boiling points 
require different types of rectifying 
columns to obtain the best fractiona- 


tion; four are shown—the water-cooled, 
the insulated, the air-cooled, and, at 
the extreme right, the Clarke and Rahrs. 
This all-glass apparatus, differing from 
regular laboratory equipment only in its 
greatly increased size, eliminates pos- 
sibility of contamination in_ process. 
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